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(57) ABSTRACT 

Apparatus for and a method of fabricating a Coriolis ?oW 
meter made primarily of plastic. The Coriolis ?oWmeter of 
the invention makes extensive use of plastic and injection 
molding. All embodiments have a dynamically active struc 
ture including a balance bar and/or at least one How tube that 
is formed of plastic by the use of injection molding. Other 
embodiments includes plastic ?anges and/or a plastic case, 
and/or plastic brace bars, and/or plastic bobbins for pick offs 
and a drive, and/or plastic mounting surfaces on a balance 
bar or How tube for mounting the plastic bobbins of the pick 
offs and a driver. 

The injection molding process used to fabricate subject 
Coriolis ?oWmeter include the steps forming a material ?oW 
path core using a core mold, placing the formed material 
?oW path core into a Wrapper mold having a cavity Whose 
surfaces de?ne the exterior surface of the plastic Coriolis 
?oWmeter structure to be formed, injecting loW temperature 
metal or soluble material into the cavity of the Wrapper 
mold, removing the plastic Coriolis ?oWmeter structure 
from the Wrapper mold, and removing the material ?oW path 
core from the plastic Coriolis ?oWmeter by melting the loW 
temperature metal core or by dissolving the soluble material 
using hot Water. 
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FIG. 15 

FORM MATERIAL FLOW PATH CORE 801, 802 
1502 _/" OF LOW TEMPERATURE METAL OR 

SOLUBLE MATERIAL USING OORE MOLD 700. 

INSERT MATERIAL FLOW- PATH CORE 801, 802 
1504f‘ INTO CAVITY SEGMENTS 928, 929 OF 

WRAPPER MOLD 900. 

l’% 505 
INJECT PLASTIC INTO WRAPPER MOLD 900 

TO FORM A PLASTIC CORIOLIS 
FLOWMETER STRUCTURE 1100 CONTAINING 

MATERIAL FLOW PATH CORE 801, 802. 

REMOVE PLASTIC CORIOLIS FLOWMETER 
1508/‘ ' STRUCTURE 1100 CONTAINING 

MATERIAL FLOW PATH CORE 801, 802 
FROM WRAPPER MOLD 900. 

r1509 
REMOVE MATERIAL FLOW PATH CORE 801, 802 

FROM PLASTIC cORIOLIs FLOWMETER STRUCTURE 
1510/‘ BY HEATING THE LOW TEMPERATURE METAL OR 

DISSOLVING THE SOLUBLE MATERIAL OEPININO 
THE MATERIAL PLOW PATH OORE 801, 802. 

1506f 
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FIG. 16 

FORM CURVED MATERIAL FLOW PATH CORE 
1602f OF LOW TEMPERATURE METAL OR 

SOLUBLE MATERIAL. 

r1603 
PLACE FORMED CURVED MATERIAL FLOW 

1604 /- PATH CORE OF LOW TEMPERATURE 
METAL OR SOLUBLE MATERIAL INTO CAVITY 

SEGMENTS 1352,1354 OF WRAPPER MOLD 1300. 

INJECT PLASTIC INTO CAVITY SEGMENTS 
1 6065f‘ OF WRAPPER MOLD 1302 TO FORM A PLASTIC 

CORIOLIS FLOWMETER STRUCTURE 500 
CONTAINING CURVED MATERIAL FLOW PATH CORE. 

P1607 
f REMOVE PLASTIC COHIOLIS FLOWMETER 

1608 STRUCTURE 50o PROM WRAPPER MOLD T300. 

r1609 
REMOVE CURVED MATERIAL FLOW PATH 

CORE FROM PLASTIC CORIOLIS FLOWMETER 
1610f sTRucTuRE s00 usme HEAT TO MELT THE 

LOW TEMPERATURE METAL OR BY DISSOLVING 
THE SOLUBLE MATERIAL. 
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FIG. 17 

FORM MATERIAL FLOW PATH CORE 1401 
1702 /\ OF LOW TEMPERATURE METAL OR 

SOLUBLE MATERIAL. 

“1703 

v ' 

FORM CORE 1403 OF LOW TEMPERATURE METAL 
1704f OR SOLUBLE MATERIAL DEFINING SPACE 

BETWEEN EXTERIOR OF MOLDED FLOW PATH 
CORE 1401 AND INTERIOR SURFACE OF BALANCE BAR. 

\1705 
v 

INSERT FORMED FLOW PATH CORE 1401 
War AXIALLY INTO OPEN ENDS OF FORMED 

CORE 1403. 

"-1707 
V 

INSERT CORE 1401 AND CORE 1403 INTO A WRAPPER 
MOLD 1400 CAVITY HAVING AN INNER SURFACE 

1708 f DEFINING A PLASTIC CORIOLIS FLOWMETER 
STRUCTURE 200. 

“1709 

V 

INJECT PLASTIC INTO WRAPPER MOLD CAVITY 
1710 f SEGMENTS TO FORM A PLASTIC CORIOLIS 

FLOWMETER STRUCTURE 200 CONTAINING CORE 1401 
AND CORE 1403. 

’\1711 

II 

REMOvE PLASTIC OORIOLIS FLOWMETER 
f STRUCTURE 200 FROM WRAPPER 

1712 MOLD 1400. 

11713 

v 

REMOvE CORE 1401 AND 1403 FROM PLASTIC 
CORIOLIS FLOWMETER STRUCTURE BY HEATING 

1714f LOW TEMPERATURE METAL OR BY DISSOLVING 
SOLUBLE MATERIAL. 
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APPARATUS FOR AND A METHOD FOR 
FABRICATING A CORIOLIS FLOWMETER 

FORMED PRIMARILY OF PLASTIC 

CROSS REFERENCE TO A RELATED 
APPLICATION 

[0001] This application is a divisional of Us. Patent 
Application No. 09/516,861 titled “Apparatus for and a 
Method of Fabricating a Coriolis FloWmeter Formed Pri 
marily of Plastic” and ?led on Mar. 2, 2000. The referenced 
application is hereby incorporated by reference as if the 
referenced application Were included in this application. 

FIELD OF THE INVENTION 

[0002] This invention relates to apparatus for and a 
method of fabricating a Coriolis ?oWmeter and more par 
ticularly a Coriolis ?oWmeter formed primarily of plastic. 

Problem 

[0003] Coriolis ?oWmeters are in Widespread use in appli 
cations that require the generation of accurate information 
regarding material ?oW. This information includes mass 
?oW rate and material density. Coriolis ?oWmeters range in 
siZe from meters having a How tube 0.16 centimeters in 
diameter to those 15 centimeters in diameter. These ?oW 
meters serve Wide range of material ?oWs ranging from 
approximately several drops per minute, such as for use in 
anesthesiology systems, to several tons a minute, such as for 
use in oil pipelines or the loading and unloading of oil 
tankers. Regardless of its siZe, most of the applications in 
Which Coriolis ?oWmeters are used require the highest 
degree of accuracy such as, for example, a maximum error 
of 0.15 percent. Also, many of the applications in Which 
Coriolis ?oWmeters are used involve the generation of How 
information for material that is haZardous and for Which 
great care must be taken to prevent material leaks into the 
environment. 

[0004] It is a problem that these stringent requirements 
have heretofore resulted in a high cost of manufacture of 
Coriolis ?oWmeters. This high cost of manufacture results 
from the expensive materials that must be used, such as 
stainless steel and titanium. This high cost of manufacture 
also results from the complexities of the manufacturing 
processes currently used to produce high quality Coriolis 
?oWmeters meeting the above discussed requirements. 
These steps include extensive machining, Welding, braZing, 
and assembly of parts. Another requirement is that How 
tubes of curved ?oW tube meters must have a constant 
curvature and be free from kinks. These requirements 
increase the complexity of the machining and bending 
operations required to fabricate the How tube. 

[0005] Another problem is With the braZing operations 
used to join the various ?oWmeter elements. BraZe joints are 
typically used to af?x the How tube to the brace bar. BraZe 
joints are also used to join other parts such as driver and pick 
off brackets and to af?x a manifold to the ends of U shaped 
?oW tubes. Considerable care must be taken in the braZing 
operations to produce braZe joints that securely af?xes 
elements to one another and that are free from microscopic 
cracks. Also, the braZing operation generates thermal 
stresses in Which a brace bar can cool faster than the How 
tube or the other elements to Which the brace bar is con 
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nected. This rapid and uneven cooling generates a perma 
nent stress in the elements to Which the brace bar is 
connected. 

[0006] Another problem is that Coriolis ?oWmeters are not 
devices that are produced in volumes on an assembly line. 
They are loW production quantity devices Which are hand 
crafted and carefully inspected at each stage of the manu 
facturing process to ensure that each part meets its design 
speci?cations and is of the required accuracy before it is 
joined to another part. This high degree of care is required 
to ensure that the completed ?oWmeter meets its design 
speci?cations and is free from defects Which could impair its 
output accuracy or cause its failure. 

[0007] Another problem of Coriolis ?oWmeters is that 
they are often required to process corrosive materials. This 
degrades the life expectancy and reliability of the ?oWme 
ters unless they are fabricated using exotic materials such as 
stainless steel or titanium. These materials are expensive to 
purchase and are dif?cult to fabricate. The use of these 
materials often results in a ?oWmeter having elements 
formed of dissimilar materials; such as a ?oWmeter that has 
some stainless steel elements that must be joined to a 
titanium ?oW tube to provide an all titanium material ?oW 
path that is highly resistant to corrosive process materials. 

[0008] Another problem of Coriolis ?oWmeters is that 
metal ?oW tubes of an acceptable thickness are relatively 
stiff and resistant to bending. The thicker the How tube 
Wall—the stiffer the How tube. This stiffness opposes the 
Coriolis forces generated by the material How and reduces 
the Coriolis de?ections of the vibrating ?oW tube With 
material ?oW. This, in turn, reduces the ?oWmeter sensitivity 
by reducing the phase difference of the output signals 
generated by the How tube pick offs. This is a particular 
problem in Coriolis ?oWmeters Which must use How tubes 
having thick Walls for the containment of high pressure 
materials. Thus, the use of any metal ?oW tube is a com 
promise betWeen the Wall thickness required by pressure 
containment requirements and the How sensitivity required 
of the ?oWmeter. US. Pat. No. 5,157,975 discloses a Corio 
lis ?oWmeter having a glass ?oW tube. HoWever, it is brittle 
and does not solve the above mentioned problems of Corio 
lis ?oWmeters having metal ?oW tubes. 

Solution 

[0009] In accordance With the present invention a Coriolis 
?oWmeter is provided that achieves an advance in the art and 
solves the above problems including the problem of high 
material costs and dif?culty of manufacturing. The ?oWme 
ter of the present invention solves these problems by the use 
of plastic for most of the elements embodying the ?oWmeter. 
The ?oWmeter of the invention solves the above problems 
using manufacturing techniques Which permit many 
embodiments of the invention to be formed by injection 
molding. All embodiments of the invention make extensive 
use of plastic and injection molding. In particular, all 
embodiments have a dynamically active structure that is 
formed entirely of plastic by injection molding. 

[0010] In accordance With a ?rst possible exemplary 
embodiment, a Coriolis ?oWmeter is provided having a 
single straight ?oW tube, a surrounding plastic balance bar 
concentric With the How tube and a plastic brace bar that 
connects the ends of the balance bar With the How tube. The 
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entirety of the dynamically active structure (the ?oW tube, 
the balance bar and the brace bar) is formed of plastic by 
injection molding. The ?oW tube ends may be subsequently 
coupled to end ?anges by appropriate bonding techniques. 
[0011] In accordance With a second possible embodiment 
of the invention, the elements of the dynamically active 
structure as Well as the end ?anges are formed of plastic by 
injection molding. This second embodiment provides a 
plastic Wetted ?oW path that extends through the entirety of 
the length of the ?oWmeter With the material ?oW extending 
serially from an inlet ?ange, through the ?oW tube to an 
outlet ?ange. This embodiment is advantageous in that the 
plastic Wetted ?oW path eliminates problems of corrosion 
resulting from an interaction betWeen the process material 
and metal ?oWmeter elements such as titanium, stainless 
steel and other metals. With the possible exception of a 
driver and pick offs, and case, the entirety of the ?oWmeter 
is formed of plastic by injection molding. 
[0012] The above embodiment is formed by an injection 
molding process that comprises a ?rst step of forming a ?oW 
path core mold having a cavity that de?nes the physical 
characteristics of the ?oW path Within the ?oWmeter. The 
cavity Within the ?oW path core mold is ?lled With a metal 
compound of fusible alloys containing bismuth, lead, tin, 
cadmium and indium. These alloys have a loW melting point 
of approximately 470° Centigrade. The injected metal is 
then alloWed to cool to its solid state at Which time the split 
halves of the mold are separated and the formed metal is 
removed. This metal de?nes, With precision, the material 
?oW path of the ?oWmeter. 

[0013] The second step of the process involves forming a 
Wrapper mold having a cavity that de?nes the exterior of the 
?oWmeter elements be formed. The formed loW temperature 
metal ?oW path core is inserted into the Wrapper mold Which 
is then injected With the plastic that is used to form the 
exterior of the ?oWmeter elements. The plastic in the Wrap 
per mold is alloWed to cool and solidify folloWing Which the 
split halves of the Wrapper mold are separated and the 
formed plastic ?oWmeter element is removed. The exterior 
of the formed plastic de?nes the desired external character 
istics of the ?oWmeter element. The metal ?oW path core 
de?ning the ?oW path remains contained With the plastic 
structure formed by the Wrapper molding process. This 
plastic structure de?ning the ?oW path is then heated to the 
temperature required to melt the loW temperature metal ?oW 
path core. The loW temperature metal melts and ?oWs out of 
the plastic ?oWmeter element so that the resulting structure 
is a ?oWmeter element having exterior physical character 
istics de?ned by the void Within the Wrapper mold and 
having an inner ?oW path de?ned by the ?oW path metal 
core formed by the ?oW path core mold. 

[0014] The plastic ?oW elements formed by the above 
process are advantageous in that their external physical 
characteristics are formed With precision by the void Within 
the Wrapper mold. The ?oW element has an interior ?oW path 
formed With precision by the loW temperature metal ?oW 
path core formed by the core mold. This process provides an 
idealiZed ?oW path having Walls that are free from the 
defects and irregularities typical of the current casting 
processes associated With the fabrication of metal ?oW 
manifolds. 

[0015] Another embodiment of the invention provides a 
Coriolis meter having a single curved ?oW tube formed of 
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plastic. This ?oWmeter can be fabricated by an injection 
molding process similar to that above described for single 
straight tube ?oWmeters. 

[0016] Another embodiment of the invention provides a 
Coriolis ?oWmeter having a pair of straight tubes connected 
betWeen an inlet ?ange and an outlet ?ange. The pair of ?oW 
tubes comprises a dynamically balanced structure formed of 
plastic Which may be fabricated by injection molding in a 
manner similar to that above described. 

[0017] Another embodiment of the invention provides a 
Coriolis ?oWmeter having a pair of curved ?oW tubes 
comprising a dynamically balanced structure and connected 
betWeen an inlet ?ange and an outlet ?ange. This ?oWmeter 
may be formed of plastic and fabricated in an manner similar 
to that above described. 

[0018] In accordance With another embodiment of the 
invention, all of the above described ?oWmeters have brace 
bars formed of plastic and fabricated by plastic injection 
molding so as to comprise an integral unit With associated 
?oW tubes. 

[0019] In accordance With another embodiment of the 
invention, a single straight tube ?oWmeter includes an 
associated balance bar for dynamic balance. The balance bar 
may either be concentric With and surround its associated 
?oW tube or, alternatively, may be a separate member 
parallel to and spaced apart from its associated ?oW tube but 
coupled to the ?oW tube by means of an associated brace bar. 

[0020] All of the above described alternatives provide a 
Coriolis ?oWmeter that makes extensive use of plastic for its 
parts. Some of the embodiments use plastic only for the ?oW 
tube or tubes; others use plastic for the entirety of the 
dynamic structure comprising the ?oW tube or tubes, bal 
ance bar, and brace bar. Other embodiments employ plastic 
for the end ?anges so that the Coriolis ?oWmeter provides a 
Wetted material ?oW path entirely of plastic. The plastic part 
or parts of the ?oWmeters are formed by injection molding 
so that the part or parts of the ?oWmeter that employ plastic 
comprise a single integral plastic element. 

[0021] The ?oWmeters of the present invention minimiZe 
corrosion problems by the use of plastic materials. These 
?oWmeters are easier to manufacture and therefore have 
loWer costs because of the use of plastic injection molding 
techniques. These ?oWmeters avoid the prior art problems of 
nonuniform Wall thickness. These Coriolis ?oWmeters are 
further advantageous since the employment of the plastic 
injection molding provides a ?oW tube having a controlled 
Wall thickness. If desired, the side Wall of the ?oW tube bar 
may have an axial change in thickness in order to accom 
plish modal tuning. Also, auxiliary elements such as side 
ribs may be placed on the ?oW tube or the balance bar to 
control lateral vibration. The ?oW tube and the balance bar 
and the brace bar comprise an integral structure. This 
integral structure may also include ?anges or alternatively 
the ?anges may be affixed at a later time by means of 
adhesive bonding or plastic solvent Welding. The case, if 
provided, may be either metal or plastic and if plastic may 
be permanently affixed to the remainder of the plastic 
elements of the ?oWmeter to provide a single integral unit 
formed primarily of plastic except for necessary metal 
elements such as the electrical conductors needed to operate 
the ?oWmeter. Also, a plastic junction box may be glued to 
the plastic ?oWmeter after inserting Wires through it. 
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[0022] The molds are machined With precision to form 
?oW paths having ideal bends With Well controlled inner 
diameter and outer diameter measurements. Out of round 
problems of the ?oW tube ?oW path are avoided. Also 
avoided are the non smooth, rough or irregular inner Walls 
of the ?oW tube. Corrosion problems are minimiZed by the 
use of plastic. Also avoided are the failure of braZed and 
Welded joints typical of metal ?oWmeters together With the 
avoidance of the thermal problems associated With Welding 
and brazing operations. Also, the meter has a loW Weight and 
is easily disposed of at the end of its useful life by recycling 
the plastic. The plastic ?oW tubes are more ?exible than are 
metal ?oW tubes of the same thickness. This increases 
?oWmeter sensitivity by enabling the plastic ?oW tube to 
have a greater Coriolis response for a given ?oW rate. 

0023 An as ect of the invention is: P 

[0024] A Coriolis ?oWmeter comprising: 

[0025] ?oW tube means adapted to receive a mate 
rial ?oW from a ?oWmeter input and to eXtend said 
material ?oW through said ?oW tube means to a 
?oWmeter outlet; 

[0026] a driver for vibrating said ?oW tube means; 

[0027] pick off means coupled to said ?oW tube 
means for generating output signals representing 
Coriolis de?ections of said vibrating ?oW tube 
means With material ?oW; 

0028 means res onsive to said out ut si nals P P 8 
generated by said pick offs for generating output 
information pertaining to said material ?oW; and 

[0029] characteriZed by the ?oW tube means is 
formed of plastic to de?ne a plastic Wetted mate 
rial ?oW path that eXtends through the entirety of 
the length of said ?oW tube means. 

[0030] Another aspect is that the Coriolis ?oWmeter 
includes an inlet ?ange and an outlet ?ange coupled to ends 
of said ?oW tube means to de?ne said ?oWmeter inlet and 
said ?oWmeter outlet. 

[0031] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said inlet ?ange and said outlet ?ange 
are formed of plastic. 

[0032] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said plastic Wetted material ?oW path 
further includes said inlet ?ange and said outlet ?ange With 
said material ?oW extending serially through said inlet 
?ange and said ?oW tube means and said outlet ?ange. 

[0033] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said Wetted material ?oW path includes 
plastic ?oW tube stubs that connect said ?oW tube means to 
said inlet ?ange and to said outlet ?ange. 

[0034] Another aspect is that the Coriolis ?oWmeter fur 
ther includes a case enclosing said ?oW tube means and said 
driver and said pick off means. 

[0035] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said case is formed of plastic. 

[0036] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said ?oW tube means comprises a single 
?oW tube. 
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[0037] Another aspect is that the Coriolis ?oWmeter fur 
ther comprises: 

[0038] a balance bar oriented parallel to said ?oW 
tube; and 

[0039] brace bar means coupling said ?oW tube to 
end portions of said balance bar. 

[0040] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said balance bar is formed of plastic. 

[0041] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said balance bar and said brace bar 
means are formed of plastic. 

[0042] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that: 

[0043] said brace bar means comprises ?rst and sec 
ond brace bars coupling ends of said balance bar to 
said ?oW tube; and 

[0044] a Wall surface of said ?oW tube contains 
corrugations in a portion of said ?oW tube betWeen 
said brace bars. 

[0045] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that: 

[0046] said plastic Wetted ?oW path further includes 
a plastic inlet ?ange and a plastic outlet ?ange 
coupled to ends of said ?oW tube; and 

[0047] that said balance bar and said brace bar means 
are formed of plastic. 

[0048] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said balance bar and said brace bar 
means and said ?oW tube are enclosed Within a case to de?ne 
an integral Coriolis ?oWmeter structure formed of plastic. 

[0049] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that: 

[0050] said balance bar and said brace bar means and 
said ?oW tube are enclosed Within a case to de?ne an 
integral Coriolis ?oWmeter structure formed of plas 
tic; 

[0051] a plastic case connect link means couples an 
inner Wall of said case to ends of said balance bar and 
to said ?oW tube and to said brace bar means. 

[0052] Another aspect is that the Coriolis ?oWmeter fur 
ther includes plastic links positioned intermediate said 
?ange means and said case connect link means and coupling 
said inner Wall of said case to said ?oW tube. 

[0053] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said balance bar contains surface ele 
ments formed of plastic for facilitating the mounting of said 
driver and said pick off means to said balance bar. 

[0054] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said driver has a plastic bobbin integral 
With said balance bar and further has an electrically con 
ductive coil on said bobbin. 

[0055] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said pick off means has a plastic bobbin 
integral With said balance bar and further has an electrically 
conductive coil on said bobbin. 
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[0056] Another aspect is that the Coriolis ?oWmeter is 
characterized in that said balance bar encloses said How 
tube. 

[0057] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said balance bar is parallel to said How 
tube and has a longitudinal aXis offset from the longitudinal 
aXis of said How tube. 

[0058] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said How tube means comprises a ?rst 
?oW tube and a second ?oW tube and that said Coriolis 
?oWmeter further comprises: 

[0059] brace bar means having a ?rst end connected 
to said ?rst ?oW tube and a second end connected to 
said second ?oW tube. 

[0060] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that brace bar means are plastic. 

[0061] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said Wetted ?oW path includes a plastic 
inlet ?ange and a plastic outlet ?ange each coupled to ends 
of said ?rst ?oW tube and of said second ?oW tube. 

[0062] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said brace bar and said ?rst ?oW tube 
and said second ?oW tube are enclosed Within a plastic case. 

[0063] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said Wetted ?oW path includes a plastic 
splitter manifold coupling said inlet ?ange to inlet portions 
of said ?rst and second ?oW tubes and further includes a 
plastic combiner manifold coupling said outlet ?ange to 
outlet portions of said ?rst and second ?oW tubes. 

[0064] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said ?rst ?oW tube and said second ?oW 
tube are curved. 

[0065] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said Wetted ?oW path includes: 

[0066] a plastic inlet ?ange coupled to inlet ends of 
said ?rst and second ?oW tubes; and a plastic outlet 
?ange coupled to outlet ends of said ?rst and second 
?oW tubes. 

[0067] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said Wetted ?oW path further com 
prises: 

[0068] a plastic inlet manifold connecting said inlet 
?ange to said inlet ends of said ?rst and second ?oW 
tubes; 

[0069] a plastic outlet manifold connecting said out 
let ?ange to said outlet ends of said ?rst and second 
?oW tubes. 

[0070] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said brace bar and said ?rst and second 
?oW tubes and each of said manifolds are enclosed Within a 
plastic case. 

[0071] Another aspect is the Coriolis ?oWmeter further 
comprises: 

[0072] 
[0073] plastic coupling means that couples said case 

to said plastic ?oW tube means; 

a plastic case, 
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[0074] said How tube means is plastic and positioned 
Within said case and adapted to receive a material 

?oW; 
[0075] said driver vibrates said plastic ?oW tube 

means; 

[0076] said pick off means is coupled to said plastic 
?oW tube means for generating output signals rep 
resenting Coriolis defections of said vibrating plastic 
?oW tube means With material ?oW; 

0077 said out ut si nals are a lied to circuitr that P g PP y 
generates information pertaining to said material 
?oW. 

[0078] Another aspect is that the Coriolis ?oWmeter is 
characteriZed in that said driver has a plastic bobbin coupled 
to said How tube means; and 

[0079] said pick off means having a plastic bobbin 
coupled to said How tube means. 

[0080] Another aspect is a method of fabricating structure 
of a Coriolis ?oWmeter including ?oW tube means; said 
method comprising the steps of: 

[0081] forming a core de?ning a material ?oW path of 
said How tube means by injecting a loW melting 
point metal or soluble material into a cavity of a core 
mold With said cavity de?ning said material ?oW 
path; 

[0082] placing said formed material ?oW path core 
into a cavity of a Wrapper mold and closing said 
Wrapper mold to form a cavity betWeen the outer 
surface of said formed material ?oW path core and 
the interior surface of said cavity of said Wrapper 
mold; 

[0083] said cavity of said Wrapper mold de?nes the 
outer surface of said How tube means; 

[0084] ?lling said cavity of said Wrapper mold With 
plastic to form a molded plastic ?oW tube means that 
contains said formed material ?oW path core; 

[0085] removing said molded plastic ?oW tube means 
containing said formed material ?oW path core from 
said Wrapper mold; and 

[0086] removing said formed material ?oW path core 
from said molded plastic ?oW tube means by raising 
the temperature of said molded plastic ?oW tube 
means above the melting point of said metal forming 
said material ?oW path core or by dissolving said 
molded formed material ?oW path core With a sol 
vent. 

[0087] Another aspect is that the method is characteriZed 
in that said cavity further has means that locates said formed 
material ?oW path core in said cavity of said Wrapper mold; 

[0088] Another aspect is that the method further includes 
the step of forming said core mold having said cavity that 
de?nes said material ?oW path of said How tube means. 

[0089] Another aspect is that the method further includes 
the step of forming a Wrapper mold having a cavity that 
de?nes said outer surface of said How tube means and 
further having said means that locates said formed material 
?oW path core in said cavity of said Wrapper mold. 
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[0090] Another aspect is that the method is characterized 
in that said ?oW tube means de?nes a pair of ?oW tubes; 

[0091] the step of forming said core mold includes 
the step of forming said core mold so that said cavity 
of said core mold de?nes the material ?oW paths of 
said pair of ?oW tubes; 

[0092] the step of forming said material ?oW path 
core includes the step of forming said material ?oW 
path core of said pair of ?oW tubes; 

[0093] the step of ?ling said cavity of said Wrapper 
mold With plastic includes the step of forming a 
molded plastic structure de?ning said pair of ?oW 
tubes each containing one of said material ?oW path 
cores. 

[0094] Another aspect is that the method is characteriZed 
in that said fabricated Coriolis ?oWmeter structure further 
comprises: 

[0095] a ?rst brace bar coupling a ?rst end of each of 
said pair of ?oW tubes to each other and a second 
brace bar coupling a second end of each of said ?oW 
tubes to each other; 

[0096] characteriZed in that said step of forming a 
Wrapper mold includes the step of forming a cavity 
in said Wrapper mold that de?nes the outer surface of 
said fabricated Coriolis ?oWmeter structure includ 
ing said ?rst and second brace bars and said pair of 
?oW tubes; 

[0097] the step of ?ling said cavity of said Wrapper 
mold With plastic includes the step of forming a 
plastic Coriolis ?oWmeter structure de?ning said 
pair of ?oW tubes and said brace bars and With said 
formed Coriolis ?oWmeter structure containing said 
formed material ?oW path core. 

[0098] Another aspect is that the method is characteriZed 
in that said fabricated Coriolis ?oWmeter structure further 
comprises: 

[0099] driver mounting elements and pick off mount 
ing elements af?Xed to said ?rst and second ?oW 
tubes; 

[0100] said step of forming said Wrapper mold 
includes the step of forming a cavity in said Wrapper 
mold that de?nes the outer surface of said fabricated 
Coriolis ?oWmeter structure including said driver 
mounting elements and said pick off mounting ele 
ments; 

[0101] characteriZed in that said Wrapper mold has 
provisions for locating said formed core in said 
cavity of said Wrapper mold; 

[0102] characteriZed in that the step of ?ling said 
cavity of said Wrapper mold With plastic includes the 
step of forming a molded plastic Coriolis ?oWmeter 
structure that contains said pair of ?oW tubes, said 
driver mounting element and said pick off mounting 
elements With said pair of ?oW tubes containing said 
formed material ?oW paths core. 
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[0103] Another aspect is that the method is characteriZed 
in that said fabricated ?oWmeter structure further comprises: 

[0104] an inlet ?ange coupled to an inlet end of said 
?oW tubes and an outlet ?ange coupled to an outlet 
end of said ?oW tubes; 

[0105] characteriZed in that said step of forming a 
Wrapper mold includes the step of forming having a 
cavity that de?nes the outer surface of said Coriolis 
?oWmeter structure including said ?oW tubes, said 
?rst brace bar and said second brace bar, said inlet 
?ange and said outlet ?ange; 

[0106] the step of ?ling said cavity of said Wrapper 
mold With plastic includes the step of forming a 
molded plastic Coriolis ?oWmeter structure that that 
de?nes the eXterior surface of said ?oW tubes, said 
?rst and second brace bars and said inlet ?ange and 
said outlet ?ange With said plastic Coriolis ?oWme 
ter structure containing said formed material ?oW 
path core. 

[0107] Another aspect is that the method is characteriZed 
in that said fabricated ?oWmeter structure further comprises: 

[0108] an inlet manifold coupling said inlet ?ange to 
an inlet end of said ?oW tubes and an outlet manifold 
coupling said outlet ?ange to an outlet end of said 
?oW tubes; 

[0109] said step of forming a Wrapper mold includes 
the step of forming having a cavity that de?nes the 
outer surface of said Coriolis ?oWmeter structure 
including said ?oW tubes, said ?rst brace bar and said 
second brace bar, said inlet manifold and said outlet 
manifold, said inlet ?ange and said outlet ?ange; 

[0110] the step of ?ling said cavity of said Wrapper 
mold With plastic includes the step of forming a 
molded plastic Coriolis ?oWmeter structure that that 
de?nes the eXterior surface of said ?oW tubes, said 
?rst and second brace bars and said inlet manifold 
and said outlet manifold, said inlet ?ange and said 
outlet ?ange With said plastic Coriolis ?oWmeter 
structure containing said formed ?oW path core. 

[0111] Another aspect is that the method is characteriZed 
in that said fabricated Coriolis ?oWmeter structure com 
prises a ?oW tube and a concentric balance bar surrounding 
said ?oW tube; 

[0112] the step of forming a core mold includes the 
steps of forming a ?rst core mold having a cavity that 
de?nes the material ?oW path of said ?oW tube; 

[0113] said step of forming a core mold further 
includes the step of forming a second core mold 
having a cavity that de?nes the space betWeen the 
exterior surface of said ?oW tube and the interior 
surface of said balance bar; 

[0114] the step of forming a core includes the steps of 
injecting loW temperature metal or soluble material 
into said ?rst core mold to form said material ?oW 
path core and further includes the step of injecting 
loW temperature metal or soluble material into said 
second core mold to form a holloW balance bar core 
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that de?nes said space between the exterior surface 
of said How tube and said interior surface of said 
balance bar; 

[0115] the step of forming said Wrapper mold 
includes the steps of forming a cavity adapted to 
receive said forrned rnaterial ?oW path core and said 
forrned holloW balance bar core; 

[0116] the step of placing includes the steps of plac 
ing said forrned rnaterial ?oW path core into said 
Wrapper mold cavity and placing said forrned holloW 
balance bar core into said Wrapper mold cavity so 
that said forrned holloW balance bar core is concen 
tric With said rnaterial ?oW path core; 

[0117] the step of ?lling includes the step of ?ling 
said cavity of said Wrapper rnold With plastic to form 
a molded plastic Coriolis ?oWrneter structure that 
de?nes the outer surface of said How tube and said 
concentric balance bar With said plastic Coriolis 
?oWrneter structure containing said rnaterial ?oW 
path core and said holloW balance bar core. 

[0118] Another aspect is that the method is characteriZed 
in that said fabricated Coriolis ?oWrneter structure further 
comprises: 

[0119] a ?rst brace bar coupling a ?rst end of said 
balance bar to said How tube and a second brace bar 
coupling second end of said balance bar to said How 
tube; 

[0120] said step of forming a Wrapper rnold includes 
the step of forming having a cavity in said Wrapper 
rnold that de?nes the outer surface of said Coriolis 
?oWrneter structure including said How tube and said 
balance bar as Well as said ?rst brace bar and said 
second brace bar; 

[0121] the step of ?ling said cavity of said Wrapper 
rnold With plastic includes the step of forming a 
molded plastic Coriolis ?oWrneter structure that 
de?nes said How tube and said concentric balance 
bar as Well as said ?rst and second brace bars and 
that contains said rnaterial ?oW path core and said 
holloW balance bar core. 

[0122] Another aspect is that the method is characteriZed 
in that said fabricated ?oWrneter structure further comprises: 

[0123] an inlet ?ange coupled to an inlet end of said 
How tube and an outlet ?ange coupled to an outlet 
end of said How tube; 

[0124] characteriZed in that said step of forming a 
Wrapper rnold includes the step of forming having a 
cavity that de?nes the outer surface of said Coriolis 
?oWrneter structure including said How tube, said 
balance bar, said ?rst brace bar and said second brace 
bar, said inlet ?ange and said outlet ?ange; 

[0125] the step of ?ling said cavity of said Wrapper 
rnold With plastic includes the step of forming a 
molded plastic Coriolis ?oWrneter structure that that 
de?nes the exterior surface of said How tube, said 
balance bar, said ?rst and second brace bars and said 
inlet ?ange and said outlet ?ange With said plastic 
Coriolis ?oWrneter structure containing said forrned 
?oW path core and said holloW balance bar core. 
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[0126] Another aspect is that the method is characteriZed 
in that said fabricated Coriolis ?oWrneter structure further 
comprises: 

[0127] driver rnounting elements and pick off rnount 
ing elernents af?Xed to said balance bar; 

[0128] the step of forming said Wrapper rnold 
includes the step of forming a cavity in said Wrapper 
rnold that de?nes the outer surface of said Coriolis 
?oWrneter structure including said How tube, said 
balance bar, said brace bars, said inlet manifold and 
said outlet manifold, and said driver rnounting ele 
rnents and pick off rnounting elernents; 

[0129] the step of ?ling said cavity of said Wrapper 
rnold With plastic includes the step of forming a 
molded plastic Coriolis ?oWrneter structure Whose 
outer surface de?nes said How tube, said balance bar, 
said brace bars, said driver rnounting elements and 
pick off rnounting elements on said balance bar, said 
inlet manifold and said outlet manifold and With said 
plastic Coriolis ?oWrneter structure containing said 
forrned rnaterial ?oW path core and said holloW 
balance bar core. 

DESCRIPTION OF THE DRAWINGS 

[0130] The invention may be better understood by a 
reading of the folloWing detailed description thereof taken in 
conjunction With the draWings in Which: 

[0131] FIG. 1 discloses a Coriolis ?oWrneter having a pair 
of straight ?oW tubes. 

[0132] FIG. 2 discloses a Coriolis ?oWrneter having a 
single straight ?oW tube. 

[0133] FIG. 3 discloses a Coriolis ?oWrneter having a 
single straight ?oW tube With corrugations in the dynarni 
cally active portion of the How tube. 

[0134] FIG. 4 discloses a Coriolis ?oWrneter having a 
single straight ?oW tube surrounded by a concentric balance 
bar and a case enclosing the How tube and the balance bar. 

[0135] FIGS. 5 and 6 disclose Coriolis ?oWrneters having 
a pair of substantially U-shaped ?oW tubes. 

[0136] FIG. 7 discloses a core rnold used to form the core 
of a How path, of a dual straight tube ?oWrneter. 

[0137] FIG. 8 discloses the How path core formed by the 
core mold of FIG. 7. 

[0138] FIG. 9 discloses a Wrapper mold and the How path 
core prior to the How path core being set into cavity 
segments of the Wrapper rnold. 

[0139] FIG. 10 discloses the Coriolis ?oW elernent struc 
ture formed by the Wrapper mold of FIG. 9 folloWing the 
completion of the molding process. 

[0140] FIG. 11 discloses the ?oWrneter structure of FIG. 
10 folloWing its removal from the Wrapper mold, and the 
removal by melting of the How path core. 

[0141] FIG. 12 discloses the ?oWrneter structure of FIG. 
11 coupled to end ?anges and an enclosing case. 
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[0142] FIG. 13 discloses the bottom half of a Wrapper 
mold used to form the ?oWmeter of FIG. 5 by a molding 
process. 

[0143] FIG. 14 discloses half of the Wrapper mold used to 
form the ?oWmeter of FIG. 2 together With the sectioned 
?oW path core as Well as the sectioned balance bar core. 

[0144] FIGS. 15, 16, 17 are ?oW charts of the methods 
used to fabricate the Coriolis ?oWmeters embodying the 
invention. 

DETAILED DESCRIPTION 

[0145] Description of FIG. 1 

[0146] FIG. 1 discloses a section vieW of Coriolis ?oW 
meter 100 having a pair of ?oW tubes 101 and 102 enclosed 
Within a case 103. A material ?oW enters the ?oWmeter at 
inlet 106 of ?ange 104A and eXtends through ?oW channel 
111 of neck 105 and case end 109A to diverter 114 Which 
splits the material ?oW into tWo halves Which are eXtended 
through ?oW tubes 101 and 102. How tubes 101 and 102 
eXtend through brace bars 110A and 110B. Material ?oW 
eXits the ?oW tubes at combiner 116 and eXtends through 
case end 109B and ?oW channel 112 of neck 115 and outlet 
107 of ?ange 104B. Necks 105 and 115 couple ?anges 104A 
and 104B to ends 109A and 109B of case 103. The end 
portions of the ?oW tubes are coupled to each other by brace 
bars 110A and 110B. 

[0147] A magnet and coil of driver D is coupled to ?oW 
tubes 101 and 102 to vibrate them transversely to their 
longitudinal aXis in phase opposition. Driver D is energiZed 
by signals received from meter electronics 121 over path 
123. The material ?oW through the vibrating ?oW tubes 
generate Coriolis forces Which are detected by left pick off 
LPO and right pick off RPO Which generate signals indica 
tive of the magnitude of the Coriolis forces. The output 
signals of the pick offs are extended over paths 122 and 124 
to meter electronics 121 Which processes these signals and 
applies output information over path 125 indicative of the 
material ?oW. 

[0148] In accordance With a ?rst possible exemplary 
embodiment of the invention, ?oW tubes 101 and 102 as Well 
as necks 105 and 115 may be formed of plastic by a injection 
molding process to provide a Wetted ?oW path through the 
entirety of the ?oWmeter betWeen inlet 106 and outlet 107. 

[0149] As a another possible embodiment, ?oW tubes 101 
and 102 as Well as brace bars 110A and 110B, case ends 
109A and 109B and ?anges 104A and 104B may be formed 
of plastic by a molding process. A plastic case 103 may be 
affixed by adhesive bonding to case ends 109A and 109B to 
provide a ?oWmeter that is made up entirely of plastic eXcept 
for the metal conductors Within the coils of driver D and pick 
offs LPO and RPO along With their associated magnets. 

[0150] The case may be fabricated independently of the 
remainder of ?oWmeter 100 and subsequently affixed to the 
case ends by adhesive bonding. The case may be formed of 
either metal or plastic. 

[0151] Description of FIG. 2 

[0152] FIG. 2 discloses a sectioned Coriolis ?oWmeter 
200 having a single ?oW tube 201 coupled by brace bars 
210A and 210B to cylindrical balance bar 202 Which is 
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concentric With the longitudinal center of ?oW tube 201. The 
material ?oW is from inlet 106 of ?ange 104A, through ?oW 
channel 111 of neck 105, through ?oW tube stub 217A to 
brace bar 210A, through ?oW tube 201, through ?oW tube 
stub 217B to brace bar 210B, through ?oW channel 112 of 
neck 115 to outlet 107 of ?ange 104B. 

[0153] The portion of ?oW tube 201 enclosed by balance 
bar 202 is de?ned as the dynamically active portion of the 
?oW tube. This portion is vibrated by driver D to generate 
Coriolis forces Which are detected by pick offs LPO and 
RPO Which apply signal over conductors 122 and 124 to 
meter electronics 121 in the same manner as described in 
connection With FIG. 1. Meter electronics applies signals 
over conductor 122 to driver D to vibrate ?oW tube 201 and 
balance bar 202 in phase opposition. 

[0154] All or part of the structure shoWn on FIG. 2 may 
be formed of plastic by a molding process. If desired, only 
?oW tube 201 and balance bar 202 may be formed of plastic. 
The remainder of the structure of FIG. 2 could then be 
metal. Alternatively, ?anges 104A and 104B could be addi 
tionally formed of plastic. Alternatively, the case ends 109A 
and 109B and case 103 could be formed of metal or plastic 
independently and affixed by adhesion after the remainder of 
the ?oWmeter is formed and calibrated. 

[0155] Description of FIG. 3 

[0156] FIG. 3 discloses a sectioned Coriolis ?oWmeter 
300 Which is similar to the Coriolis ?oWmeter of FIG. 2 in 
that it has single ?oW tube 301 coupled by brace bars 310A 
and 310B to balance bar 302 Which is concentric With ?oW 
tube 301. Material ?oW eXtends through the ?oWmeter 300 
from inlet 106 of ?ange 104A, ?oW channel 111 of neck 105, 
through case end 109A, through stub 317A and the active 
portion of ?oW tube 301 betWeen brace bars 310A and 310B, 
through stub 317B and case end 109B, through ?oW channel 
112 of neck 115 to outlet 107 of ?ange 104B. 

[0157] The ?oWmeter 300 differs from ?oWmeter 200 only 
in that the dynamically active portion of ?oW tube 301 
intermediate brace bars 310A and 310B has corrugations 
305 Which alter the vibrational characteristics of the ?oW 
tube as described in detail in US. Pat. No. 5,814,739. The 
entirety of the Coriolis ?oWmeter 300 is made of plastic by 
the use of a molding process as priorly described. This, of 
course, eXcludes the metallic conductors of coils of left pick 
off LPO, right pick off RPO, driver D, and their associated 
magnets. 

[0158] If desired, the case 103 may be fabricated inde 
pendently and affixed to the remainder of the elements of the 
?oWmeter by means of adhesive bonding. Also if desired, 
the case may be formed of metal. HoWever, the dynamically 
active portion of the ?oWmeter including the entirety of ?oW 
tube 101 advantageously Will be plastic formed by a mold 
ing operation. 

[0159] Description of FIG. 4 

[0160] FIG. 4 discloses a sectioned Coriolis ?oWmeter 
400 having a single straight ?oW tube 401 surrounded by a 
concentric balance bar 402 having non-uniform Weight and 
stiffness distribution. Balance bar 402 is connected at its 
ends by brace bars 405 to ?oW tube 401. Brace bars 405 are 
connected by case connect links 417A and 417B to the inner 
Wall of case end 407. The ends of ?oW tube 401 are 




















